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Doxorubicin (DOX) is a chemotherapeutic agent and is widely used in cancer
treatment. There are some studies suggesting oxidative stress-induced toxic changes
in the liver due to DOX administration. The aim of this study was to reveal the
oxidative damage of DOX in liver tissue at molecular level and to evaluate the
protective effect of N-acetyl cysteine (NAC) against DOX oxidative damage. Twenty
four rats weighing 150-200 g were randomly divided into four equal groups; group
1: control, group 2: received a single dose of DOX, group 3: received NAC for 28
days and group 4: received a single dose of DOX, followed by NAC for 28 days. At
the end of the experiment, liver tissues were taken from all animals. Total
Antioxidant Capacity (TAC), Total Oxidant Capacity (TOC) levels were determined
in these samples by spectrophotometric methods. The histopathological changes of
liver tissue were observed routinely in histological staining. It was determined that
TOC level increased, TAC levels decreased in the group given DOX compared to the
control group. In addition, TAC levels increased in the DOX+NAC group. It was
showed the occurrence of congestion in portal triad, and pycnotic cells degeneration
in DOX group. It was concluded that DOX administration increased oxidative stress
and NAC administration could prevent the increased oxidative stress (p<0.05). NAC
caused modulatory effects on oxidative stress and antioxidant redox system in DOX-

induced liver toxicity in the rat.

cancer treatment, it is used to block cell division of

INTRODUCTION
tumor cells (Aljobaily et al., 2020). However, since it is
Doxorubicin (DOX) is an anti-cancer agent used in a highly toxic antineoplastic agent, it causes toxicity
the treatment of ovarian, breast, liver and lung cancers on many organs and tissues in the organism. Studies
and solid tumors such as leukemia and lymphoma. In have reported toxic effects on the heart, brain, liver,
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kidney, kidney, skin and reproductive organs such as
ovaries and testes. It is known that the liver is one of
the most vulnerable organs to DOX damage.
Although the mechanism of DOX-mediated liver
injury is not fully known, it is supported that
increased free radical formation and lipid
peroxidation as well as decreased antioxidant
enzymes may play a role (Moslehi, 2016; Timm et al.,

2021; Yu et al., 2020).

Due to its toxicity on organs, studies are carried out
with many agents that will eliminate or minimize this
effect. One of these is N-acetylcysteine (NAC). NAC is
a mucolytic agent that plays a role in the formation of
glutathione, an effective antioxidant. NAC has a
protective effect against tissue damage caused by free
radicals (Saricaoglu et al., 2005; Arakawa & Ito, 2007;
Kogkar et al., 2010).

Lipid peroxidation is the reaction in which fatty
acids in the membrane are destroyed by free oxygen
radicals. Malondialdehyde (MDA), which can be
measured with thiobarbituric acid, is formed in the
peroxidation of fatty acids formed by the destruction
of lipid hydroperoxides. This method is a frequently
preferred method for measuring lipid peroxide levels.
Lipid peroxidation plays an important role in disease
pathogenesis by inducing changes that lead to cell
damage (Hjelle & Petersen, 1983; Saleh et al., 2022).

The aim of this study was to reveal the oxidative
damage of DOX in liver tissue at molecular level and
to evaluate the protective effect of NAC against the
oxidative damage of DOX on this tissue.

MATERIAL AND METHODS

Adult male Wistar Albino rats obtained from
Canakkale Onsekiz Mart University Experimental
Research and Application Center were used in this
study. Animals were maintained under standard
environmental conditions and had free access to
standard rodent feed and water. Our work was
carried out in accordance with the guidelines of the
Ethical Committee of Canakkale Onsekiz Mart
University Faculty of Medicine approved the current
study (Ethics number: 2022-2200189432). Experiments
were conducted in accordance with international

guidelines for the ethical use of rats.

Rats to four

experimental groups (6 rats per group) as follows:

were randomly divided in

- Group 1: Control
- Group 2: DOX (20 mg/kg, intraperitoneal)

- Group 3: NAC (50 mg/kg/day, via gavage) for
28 days

- Group 4: DOX (20 mg/kg
intraperitoneal) + NAC (50 mg/kg/day, via

Doxorubicin,

gavage) for 28 days (from the day of DOX

administration)

At the end of the experimental period, the rats

were anesthetized by ketamine and xylazine
hydrochloride. Then, liver was moved for measuring

the oxidative stress markers the rats.

Tissue samples were homogenized in phosphate
buffer solution (1:10 w/v, pH: 7.4) using ice-cooled
tubes. The homogenate was centrifuged (14,000 rpm,
30 min) and the supernatants were separated for
analysis. Protein concentration was estimated by the
method of Lowry et al. (1951). Tissue samples, taken
for malondialdehyde determination, were
homogenized and subjected to procedures as outlined
before (Ohkawa et al., 1979). TAC and TOC levels
were measured by a spectrophotometric assay using
commercially available kits (Rel Assay Diagnostics,
Turkey). The OSI was defined as the ratio of the TAC

level to TOC level.

10%  buffered

formaldehyde were subjected to routine histologic

Liver tissues fixed with
follow-up. The tissues were embedded in paraffin and
then 4 micrometer sections were taken from the blocks
with a
Rehydrated

hematoxylin and eosin stains. After the procedure, the

sliding-microtome and deparaffinized.

sections were stained with Mayer

sections were covered with entellan and evaluated
histopathologically under light microscope. Liver
histopathologic  evaluations  were  performed
according to Gibson-Corley et al. (2013). In the scoring
process performed in 10 random fields in the
micrographs at 200x magnification obtained from
random sections taken from all samples of each group,
0 was determined as none, 1 as mild, 2 as extensive
and 3 as severe (Gibson-Corley et al, 2013). In

pyknotic nuclei counting performed in liver tissues,
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pyknotic nuclei detected in 5 random fields of random

2,50

sections were counted with the help of Image] (NIH,
USA, Version 1.53]) program.

1

i

2,00

Statistical Analysis

1 50

—

Statistical software (IBM SPSS version 19.0, USA)

was used to analyze the data obtained. Comparison of

Mean TAC

multiple groups was determined by analysis of |
variance (one-way ANOVA) with post hoc Duncan o]

test. Differences were considered significant at P<0.05.

All variables were represented as mean * standard

T T T T
cortral Doxo M-Acetylcystein Doxo+ M-

error of the mean (SE). Groups

RESULTS .
Figure 1. Groups-TAC results

In group 2 given DOX and group 4 given

DOX+NAC; TAC levels decreased compared to the 4007 T
control group (respectively p=0.14; p<0.001) (Table 1 1
and Figure 1). 200 T
Table 1. TAC analysis results S i T I
Group TAC (mmole/L) P Value 2%
Control 2.16+0.87
DOX 1.61+0.37 §p:0.14
NAC 2.09+0.07
DOX+NAC  1.90+0.05 1p:<0.001 Nacetjcysene  Dovor ec

Groups

Note: Group comparisons: §p=group 1 and group 2;
{p=group 1 and group 3; fp=group 1 and group 4;
#p=group 2 and group 4. Figure 2. Groups-TOC results
Table 2. TOC analysis results

3,00

Group TOC (umole/L) P Value

Control 24.58+5.68 T
DOX 36.65+2.36 §p:0.002 i
NAC 23.78+1.39 3

DOX+NAC  23.40+4.12 #p:<0.001 :

T
Note: Comparisons: §p=group 1 and group 2; + o0 1 -

{p=group 1 and group 3; fp=group 1 and group 4;
#p=group 2 and group 4.

T
cortrol Doxo M. ! Doxo+ M.

Groups

Figure 3. Groups-OSI results

:
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Table 3. OSI analysis results

Group OSI ratio P Value

Control 1.14+0.26

DOX 2.37+0.50 §p:0.001

NAC 1.14+0.07

DOX+NAC  1.22+0.21 #p:<0.002
Note: 0S] — 1OC (umole Hz0; Equiv./gram protein) . ;o

TAC (umole H, 0, Equiv./gram protein)
Group Comparisons: §p=group 1 and group 2;
Ip=group 1 and group 3; tp=group 1 and group 4;
#p=group 2 and group 4.

In group 2 given DOX, TAC levels increased
compared to the control group (p=0.002). In group 4
given DOX+NAC, TAC levels decreased compared to
the group 2 given DOX (p<0.001) (Table 2 and Figure
2).

In group 2 given DOX, OSI ratio increased
compared to the control group (p=0.001). In group 4

given DOX+NAC, OSI ratio decreased compared to
the group 2 given DOX (p<0.002) (Table 3 and Figure
3).

Inflammatory cell infiltration showing intergroup
comparisons was commonly observed in DOX type
stroma, while almost none was observed in control
types. Congestion and hemorrhagic areas were
observed in all groups except the control group
(Figure 4A.). Especially hemorrhagic areas were
frequently observed in the DOX group. Hemorrhage
was observed in the DOX group both in and around
the vessel lumen (Figure 4B). Hepatosteatosis and
high amounts were scored in DOX and DOX+NAC
groups. Steatosis was mostly observed in the
connections close to the hepatic triad. The highest

amount of pyknotic nuclei was again observed in
DOX class, while DOX+NAC class showed loss (Table
4 and Figure 4)

Figure 4. Liver section micrographs of the groups with H-E staining applied (These are micrographs belonging to
the groups A: control, B: DOX, C: Nac, D: DOX+Nac. (It belongs to 200x magnification). Asterix indicates central

vein, arrowhead indicates steatosis, thick arrows indicate congestion and hemorrhages, and thin arrows indicate

inflammatory cell areas)

(cc) (W)

BY
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Table 4. Effects of NAC on some pathological changes in liver tissue of DOX -treated rats

Group Inflammatory cell Number of Hepatosteatosis Hemorrhage
infiltration pyknotic nuclei

Control 0.20+0.08 1.93+0.02 0.20+0.07 0.10+0.04

DOX 2.57+0.02sp 10.13+0.62sp 2.53+0.02sp 2.07+0.02sp

NAC 1.17+0.011» 2.53+0.27 0.70+0.021p 1.26+0.011»

DOX +NAC 1.80+0.09%» 6.46+0.07%p *» 1.80+0.171» * 1.86+0.02tr. *

Note: Group Comparisons: S.=group 1 and group 2; Ir=group 1 and group 3; =group 1 and group 4; *=group 2 and

group 4.
DISCUSSION

DOX is widely used in the treatment of various

malignant diseases, including breast, ovarian,
testicular, thyroid, lung and hematologic cancers.
However, its use is limited due to its cytotoxic effect
on both normal and cancerous cells (Alshabanah et al.,
2010; Gibson-Corley et al., 2013; Biller, 2014; Rivankar,
2014). Bilgic & Ozgocmen (2019) showed that single
dose doxorubicin administration may cause acute
liver injury. In our study, we found that although liver
TAC with  DOX

administration, TOC levels increased. Therefore, DOX

concentrations  decreased
administration
increased TOC
concentrations. Furthermore,
decreased with NAC treatment,
increased with NAC

Numerous in vivo or in vitro studies on the effects of

in animals is characterized by
and decreased TAC
TOC levels
but TAC

treatment.

levels

liver

concentrations

NAC on the level of oxidative stress have been
reported (Saricaoglu et al., 2005; Samuni et al., 2013;
Otrubova et al., 2018). To our knowledge, this is the
first study to investigate the effects of NAC on the
antioxidant system in DOX -induced hepatotoxicity in
rats. Our results are consistent with the results of
previous studies regarding the increase in oxidative

stress in the liver after DOX treatment.

Prasanna et al. (2020) concluded that oxidative
stress is the primary cause of DOX -induced liver
injury. As a result of DOX-induced oxidative stress,
electrons are lost from oxygen, leading to the
production of superoxide radicals and reactive
oxygen species (ROS). High levels of ROS also lead to
an increase in lipid peroxidation. This results in

damage to hepatocytes and liver. In our study, it was

found that DOX+NAC group increased TAC levels
and decreased TOC levels compared to DOX group.
Studies have shown that NAC increases intracellular
GSH, which directly scavenges oxidants and protects

against ROS-related oxidative stress.

In various studies, NAC supplementation was
found to reduce increased MDA levels in rat liver. In
a similar study, it was reported that expressed as
Glutathione Peroxidase (GSH-Px) activity did not
change in the liver of DOX+NAC-treated rats, thus
liver cell damage was less. NAC is both a potent
antioxidant and a precursor of reduced glutathione
(GSH) (Saricaoglu et al.,, 2005; Arakawa & Ito, 2007;
Kocgkar et al., 2010; Samuni et al., 2013).

Histologic evaluation showed that TAC levels and
with  NAC
administration. NAC shows antioxidant properties.
NAC

peroxide and superoxide radicals. As a result of our

tissue  degeneration  decreased

However, reacts weakly with hydrogen
study, we observed the protective effect of NAC on
liver antioxidant/oxidant after DOX -induced liver
injury. It can be said that NAC plays an active role in
reducing superoxide anion and hydroxyl radical
release and shows antioxidant properties. We did not
examine liver GSH-Px activity in this study because
NAC
However, in this study, liver GSH levels increased
with NAC administration because NAC facilitates
GSH biosynthesis (Saricaoglu et al., 2005; Bulucu et al.,
2009; Kogkar et al., 2010; Li et al., 2016). Similarly,
Bulucu et al. (2009) observed that GSH-Px activity was
not altered in the liver of rats by DOX and NAC
administration. Nagasaki et al. (1998) showed that in

reacts poorly with hydrogen peroxide.

a GSH-depleted liver, NAC prevented hepatic injury

and improved liver integrity after
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ischemia/reperfusion injury by acting directly as a free
radical scavenger and not as a substrate for GSH

synthesis.

As a result of the examination of liver tissues
removed from the subjects in our study, mononuclear
cell infiltration, hyperchromatic nuclei in hepatocytes,
dilatation in sinusoids and vacuolar degeneration
were reported as important structural changes in the
DOX group. In many previous studies conducted with
DOX, it was determined that the histopathological
changes occurring in the liver tissue were structural
changes similar to the findings of our study (El-
Sayyad et al., 2009; Bilgic & Ozgocmen, 2019; Sikandar
et al., 2020).

When we compared the liver tissue of the
DOX+NAC group with the group administered DOX
alone, a significant decrease in sinusoidal dilatation,
inflammation and pyknotic cells was noted. It has
been reported that NAC application has beneficial
similar to these
hepatotoxicity models (Otrubova et al., 2018). The

effects findings in different
underlying role of NAC in these effects is still debated
because its molecular mechanisms are quite complex
(Samuni et al., 2013). There are different theories that
partially explain the effects of NAC. One of these is the
generally accepted classification that it is one of the
‘good’ antioxidants. Another is that it is associated
with ‘bad” antioxidants. Its effects on tumor cells are
similarly controversial. It was reported by Li et al.
(2016), that NAC showed quite opposite effects in
tumor cells. They reported that NAC protects
telomerase activity in normal cells but inhibits it in
cancer cells. Researchers have linked this to opposing
effects on telomerase activity. We hypothesize that
this situation is due to different intracellular redox

homeostasis in normal and tumor cells.

Many in vivo and in vitro studies have reported that
DOX promotes cell death in various tissues by
increasing oxidative stress (Yu et al., 2020; Zhang et
al., 2020). We also found that DOX significantly
increased TAC and TOC in liver tissue and increased
the apoptotic index. In the DOX+NAC group, TOC
and apoptotic index were found to be significantly
reduced in treated animals. Similar to our results, they

reported that apoptosis and liver damage decreased

after NAC application in the CCl4-induced liver
injury model (Otrubova et al., 2018)

CONCLUSION

As a result, NAC shows modulatory effects on
oxidative stress and antioxidant redox system in
Doxorubicin-induced liver toxicity in the rat. More

extensive studies are needed on this subject.
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